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The safety and pharmacokinetics of once-daily oral levofloxacin in 16 healthy male volunteers were inves-
tigated in a randomized, double-blind, placebo-controlled study. Subjects were randomly assigned to the
treatment (n = 10) or placebo group (n = 6). In study period 1, 750 mg of levofloxacin or a placebo was
administered orally as a single dose on day 1, followed by a washout period on days 2 and 3; dosing resumed
for days 4 to 10. Following a 3-day washout period, 1 g of levofloxacin or a placebo was administered in a
similar fashion in period 2. Plasma and urine levofloxacin concentrations were measured by high-pressure
liquid chromatography. Pharmacokinetic parameters were estimated by model-independent methods. Levo-
floxacin was rapidly absorbed after single and multiple once-daily 750-mg and 1-g doses with an apparently
large volume of distribution. Peak plasma levofloxacin concentration (C,,,,) values were generally attained
within 2 h postdose. The mean values of C, . and area under the concentration-time curve from 0 to 24 h
(AUC,,_,,) following a single 750-mg dose were 7.1 pg/ml and 71.3 pg - h/ml, respectively, compared to 8.6
pg/ml and 90.7 pg - h/ml, respectively, at steady state. Following the single 1-g dose, mean C,,,, and AUC,,_,,
values were 8.9 pg/ml and 95.4 pg - h/ml, respectively; corresponding values at steady state were 11.8 pg/ml
and 118 pg - h/ml. These C,,, ., and AUC,_,, values indicate modest and similar degrees of accumulation upon
multiple dosing at the two dose levels. Values of apparent total body clearance (CL/F), apparent volume of
distribution (V/F), half-life (¢,,,), and renal clearance (CLy) were similar for the two dose levels and did not
vary from single to multiple dosing. Mean steady-state values for CL/F, V/F, t,,,, and CLy following 750 mg
of levofloxacin were 143 ml/min, 100 liters, 8.8 h, and 116 ml/min, respectively; corresponding values for the 1-g
dose were 146 ml/min, 105 liters, 8.9 h, and 105 ml/min. In general, the pharmacokinetics of levofloxacin in
healthy subjects following 750-mg and 1-g single and multiple once-daily oral doses appear to be consistent
with those found in previous studies of healthy volunteers given 500-mg doses. Levofloxacin was well tolerated
at either high dose level. The most frequently reported drug-related adverse events were nausea and headache.

Levofloxacin is a fluoroquinolone antibiotic which is the
levorotatory isomer of the racemate ofloxacin. The antibacte-
rial activity of ofloxacin is known to reside almost entirely
within the / isomer, while the d and / isomers contribute equally
to the toxicological profile (25). Levofloxacin has broad spec-
trum of in vitro activity against both gram-positive and gram-
negative organisms, including Streptococcus pneumoniae, Staph-
ylococcus  aureus, Streptococcus — pyogenes, Haemophilus
influenzae, Moraxella catarrhalis, Escherichia coli, Enterobacter
cloacae, Klebsiella pneumoniae, and Pseudomonas aeruginosa
(10, 14, 25). It also has in vitro activity against some anaerobes
and other pathogens including Legionella pneumophila, Myco-
plasma pneumoniae, and Chlamydia pneumoniae (2, 17, 19).

The pharmacokinetics of levofloxacin following 500-mg oral
and intravenous doses have been studied (4). Levofloxacin
pharmacokinetics were linear and predictable for single and
multiple 500-mg once-daily oral and intravenous dosing regi-
mens, and the pharmacokinetic parameter values obtained fol-
lowing oral and intravenous administrations were similar. The
oral bioavailability was virtually complete, with a mean abso-
lute bioavailability of =99%. Levofloxacin was excreted re-
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nally, with a renal clearance of approximately 99 ml/min and a
long elimination half-life of 7 h.

Data from a variety of in vitro animal and human studies
have suggested that the bactericidal activity of the fluoroquino-
lones is rapid and concentration dependent (3, 8, 9). Prelimi-
nary findings for humans have supported the in vitro data (12,
22). Fluoroquinolones also exhibit significant postantibiotic ef-
fect against the susceptible organisms (13, 18). Thus, for the
fluoroquinolones, high doses given infrequently (e.g., once
daily) may be more efficacious than smaller doses given more
frequently and may be less likely to result in the emergence of
resistant organisms.

Levofloxacin at 500 mg once daily has been shown to be safe
and efficacious for the treatment of several commonly encoun-
tered infections in adults, including community-acquired pneu-
monia, sinusitis, acute bacterial exacerbations of chronic bron-
chitis, uncomplicated skin and skin structure infections, and
urinary tract infections (1, 7, 11, 20, 23). However, difficult-to-
treat infections, for example, those due to more resistant or-
ganisms or those in poorly perfused tissues, may require higher
doses. Before higher doses of levofloxacin can be tested in
clinical trials, it is imperative that the safety and linear phar-
macokinetics be confirmed. Therefore, the primary objective
of this investigation was to evaluate the safety and pharmaco-
kinetics of oral levofloxacin following single and multiple once-
daily 750-mg and 1-g doses given to healthy male volunteers.
These doses are 50 and 100% higher, respectively, than the
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usual dose (500 mg once daily) currently approved for antimi-
crobial treatment in the United States.

(This study was presented at the 36th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy, New Or-
leans, La., 15 to 18 September, 1996.)

MATERIALS AND METHODS

Subjects. Healthy male subjects between the ages of 18 and 55 years were
eligible for entry into the study. Subjects were qualified for the study if they had
normal findings following a prestudy medical history and physical examination
performed within 2 weeks of study entry. Subject eligibility was restricted to those
with no evidence of significant major organ dysfunction; abnormal electrocar-
diogram; or clinically significant abnormal hematologic, serum chemistry, or
urinalysis laboratory values. Additionally, all participants had body weights
within 30% of the ideal. Key exclusion criteria were a previous history of allergy
to a fluoroquinolone, alcohol or controlled-substance abuse, or use of an inves-
tigational agent within 30 days of study entry. Potential subjects were also
excluded if they used any medication within 3 days prior to administration of the
first study dose. All subjects signed an informed consent form approved by the
institutional review board.

Study design and drug administration. A randomized, double-blind, placebo-
controlled, parallel-design study was conducted. Subjects were randomly as-
signed to either the levofloxacin (n = 10) or placebo (n = 6) treatment group.
The levofloxacin group received 750 mg (one 500-mg tablet and two 125-mg
tablets) of levofloxacin and the placebo group received identically appearing
placebo tablets. All tablets were provided by The R. W. Johnson Pharmaceutical
Research Institute, Raritan, N.J. A single dose of the study drug was adminis-
tered to each subject on day 1; there was a washout period on days 2 and 3,
followed by once-daily dosing from days 4 to 10. Following a 3-day washout
period (days 11 to 13), subjects received 1 g of levofloxacin (two 500-mg tablets)
or identically appearing placebo tablets according to an identical dosing scheme
(days 14 to 26). Each dose was administered in the morning with 8 oz of water.
Dosing on days 1, 4, 7, 10, 14, 17, 20, and 23 was completed in a fasting state that
lasted from 8 h prior to dosing to 2 h postdosing. On these days, clinical
laboratory tests were performed and/or blood was drawn for pharmacokinetic
evaluation. Fasting on other drug administration days lasted from 2 h before
dosing to 2 h after dosing. Ingestion of alcohol, caffeine, substances containing
methylxanthine (e.g., chocolate), or antacids was not permitted during the study
period. Subjects were confined from 12 h prior to administration of the first dose
until after all final plasma and urine samples had been collected on day 24.

Sample collection. Samples (5 ml) of venous blood for the determination of
plasma levofloxacin concentrations were collected from an indwelling catheter
on days 1 and 14 immediately prior to the first dose and then at the following
times postdosing: 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 8.0, 12.0, 24.0, 36.0, 48.0, and 60.0 h.
On days 4 to 9 and 17 to 22 of therapy, a single blood sample was obtained just
prior to the morning dose. Following the last dose on days 10 and 23, blood
samples were obtained immediately prior to dosing and at the following times
postdosing: 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 8.0, 12.0, 24.0, 36.0, 48.0, 60.0, and 72.0 h.
Blood samples were collected in heparinized tubes and centrifuged; the plasma
was separated and stored at —20°C until it was assayed.

Urine samples for assessment of levofloxacin concentrations were collected
beginning 8 h prior to the first dose on days 1 and 14 and at the following
intervals postdosing: 0 to 2, 2 to 4, 4 to 8, 8 to 12, 12 to 24, 24 to 48, and 48 to
72 h. The volume and pH of each urine sample were recorded, and a 20-ml
aliquot from each collection was frozen at —20°C until it was assayed.

Safety analysis. Adverse events were monitored on a daily basis for the du-
ration of the study. Each adverse event was assessed by the investigator as to
severity (mild, moderate, or severe) and relationship to the study drug (definite,
probable, possible, remote, unlikely). Fasting clinical laboratory tests (hematol-
ogy, serum chemistry, and urinalysis) were performed in the morning on study
days 1, 2, 4, 7, 11, 14, 15, 17, 20, and 24. Any abnormal laboratory result that
resulted in additional testing or therapy was considered to be clinically significant
and was to be reported as an adverse event. Laboratory values that were sub-
stantially outside the range of normal values (usually 10 to 20% depending on the
analyte) were considered to be markedly abnormal. A complete physical exam-
ination was conducted on day 24, and results were compared to those of the
predosing physical examination. Ophthalmologic examinations, including fun-
duscopy and slit lamp, visual acuity, and color perception (Farnesworth-Hue
color test) tests, were performed on study days 0, 11, 13, and 24.

Analytical procedures. The concentration of total levofloxacin in plasma and
urine was determined by a high-pressure liquid chromatography method (26).
Briefly, the procedure utilized single-step liquid-liquid extraction with methyl-
tert-butyl ether. A reversed-phase C,g column was used to separate levofloxacin
and the internal standard (ciprofloxacin). Elution was accomplished isocratically
by using a mobile phase consisting of 0.005 M copper(II) sulfate pentahydrate in
0.01 M L-isoleucine-methanol (87.5:12.5 [vol/vol]) at a flow rate of 1.0 ml/min.
UV detection (330 nm) was used to measure peak area. For plasma, the range of
detection was linear from 0.08 to 5.12 pg/ml; the inter- and intra-assay precision
values (expressed as percent coefficient of variation) for levofloxacin were con-
sistently below 10%, and the accuracy values were consistently within +10% of
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the target. For urine, the range of detection was linear from 25 to 2,000 wg/ml;
the inter- and intra-assay precision values for levofloxacin were consistently
below 10%, and the accuracy values were consistently within +10% of the target.
Samples were diluted in the appropriate matrix and reassayed when concentra-
tions were outside the range of detection.

Pharmacokinetic analysis. Levofloxacin plasma and urine concentration-time
data were analyzed by standard noncompartmental methods (15). The levofloxa-
cin absorption rate following oral administration was assumed to be zero order
and complete at the time (7y,,,) to reach the peak concentration (C,,,) of the
drug in plasma. Elimination was assumed to be linear and first order. This model
has been successfully applied to characterize the pharmacokinetics of levofloxa-
cin following oral administration to healthy and human immunodeficiency virus-
seropositive subjects (5, 16). Estimated pharmacokinetic parameters of levo-
floxacin included the area under the plasma concentration-time curve from 0 to
t h (AUC,_,) as measured by the trapezoidal-summation method; the AUC for
the 24-h dosing interval (AUC,_,4); AUC_. calculated as AUC_,; + Cpasi/kers
where Cpy,, is the last measurable plasma concentration; k., is the terminal
elimination rate constant, i.e., the slope of the plasma concentration-versus-time
profile at the terminal log-linear phase, as determined by ordinary least-squares
regression; and AUC,_y, is the AUC from 0 h to the time corresponding to
Cpjas the terminal plasma elimination half-life (¢,,,), calculated as 0.693/k.; the
apparent total body clearance (CL/F) calculated as dose/AUC, .. for single
dosing and as dose/AUC, ,, at steady state; apparent volume of distribution
(V/F) calculated as CL/F + (MRT — T,,../2), where MRT refers to the mean
residence time following drug administration determined in accordance with the
method of Smith and Schentag (24). The C,,,,, and T,,,, values were estimated
by visual inspection of the plasma drug concentration-versus-time data. Renal
clearance (CLg) of the drug was estimated as Ae,/AUC,_, where Ae, refers to
the cumulative amount of levofloxacin recovered in the urine at time ¢. The
degree of accumulation was determined from the ratios of C,,,,, and AUC,, ,, at
steady state to the single-dose values.

Statistical analysis. Page’s test (21) was used to test for the attainment of
steady state based on the trough concentrations measured during multiple dos-
ing. Page’s test is a nonparametric test for increasing (or decreasing) trends. The
null hypothesis in testing for the attainment of steady state is that the mean
trough concentration values on the different days under consideration are equal,
and the alternative hypothesis is that there is an increasing trend in the mean
values over the days under consideration. Steady state is concluded if the null
hypothesis is not rejected at a 5% level of significance.
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RESULTS

Patient population. The characteristics of the treatment
groups receiving levofloxacin or the placebo were comparable.
Sixteen healthy male subjects ranging in age from 19 to 51
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FIG. 1. Mean plasma levofloxacin concentration-versus-time profiles follow-
ing single and multiple once-daily 750-mg and 1-g oral doses of levofloxacin for
10 healthy subjects. Error bars indicate SD.
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TABLE 1. Summary of levofloxacin pharmacokinetic parameter estimates for 10 healthy subjects”

Levofloxacin max

V,JF Acd Clg

Lp Cupay”

Crnax
dose and day (pg/ml) () (ug-b/ml) i

ml/min/kg

Liters  Liters/kg (h) (ng/ml) (% dose)  ymin ml/min/kg

750 mg
Day 1 (single dose)

1g

713+1.44 19+07 82*+14 157*+28 2.06*0.42 90 * 14 1.17 £0.10 7.7 £ 1.3 403 = 249
Day 10 (steady state) 8.60 = 1.86 1.4 =05 91 =18 143 =29 1.88 £0.43 100 =16 129 £ 0.13 8.8 £ 1.5 822 = 437

75*+6 118 =28 1.55*0.36
795 116 +28 1.52*0.39

Day 14 (single dose) 8.85+1.86 1.7 =04 111 =21 156 =34 205049 96*+22 124*0.15 79 £ 15 667 =286 73+8 113 +2.6 1.48 *0.36

Day 23 (steady state) 11.8 2252 1.7 +0.6 118 =19 146 =29 1.91 £0.40 105 =27 1.36 £0.17 8.9 £2.5 992 + 377

715 106 =23 1.38=0.31

“ Values are means = SD.

? The AUC is the AUC,_, for single doses (days 1 and 14) and the AUC,_,, at steady state (days 10 and 23).

¢ Cup,ae peak urinary levofloxacin concentration.

4 Ae, cumulative amount of levofloxacin recovered from urine from 0 to 72 h for single doses (days 1 and 14) and from 0 to 24 h at steady state (days 10 and 23).

years were enrolled (mean ages =+ standard deviations [SD],
26.3 = 6.0 and 35.2 £ 10.5 years for levofloxacin and placebo
groups, respectively). Weights ranged from 62 to 105 kg (mean
weights = SD of 78 = 14 kg and 80 = 14 kg for levofloxacin
and placebo groups, respectively). Fifteen of the 16 subjects
completed the study. One subject in the placebo group was
prematurely discontinued from the study because of deterio-
ration of color perception and photopsia. All 16 subjects were
included in the safety analysis; pharmacokinetic analysis was
limited to the 10 levofloxacin group participants. No subject
required a dose reduction or concomitant therapy during the
study period.

Pharmacokinetics. The mean levofloxacin plasma concen-
tration-versus-time profiles for the single and multiple once-
daily doses are illustrated in Fig. 1. The test of Page (21)
suggested that steady state was attained 24 h from the start of
multiple once-daily dosing for both the 750-mg and the 1-g
doses. Levofloxacin was rapidly absorbed after single and mul-
tiple once-daily 750-mg and 1-g doses, with an apparently large
volume of distribution. Mean C,,,, and AUC,,_,, values = SD
following a single 750-mg dose were 7.13 * 1.44 pg/ml and
71.3 = 10.3 pg - h/ml, respectively, compared to 8.60 = 1.86
pwg/ml and 90.7 = 17.6 pg - h/ml at steady state (Table 1).
Following the single 1-g dose, mean C,,,, and AUC,_,, val-
ues = SD were 8.85 = 1.86 pg/ml and 95.4 * 16.0 pg - h/ml,
respectively; corresponding values at steady state were 11.8 =
2.52 pg/ml and 118 * 18.9 pg - h/ml. The mean ratios of the
values of C,,,,. and AUC,_,, at steady state to the correspond-
ing single-dose values = SD were 1.22 = 0.25 and 1.27 = 0.11,
respectively, for the 750-mg dose; and 1.34 = 0.16 and 1.24 =
0.06, respectively, for the 1-g dose. These indicate modest and
similar degrees of accumulation of levofloxacin for the two
dose levels upon multiple dosing.

Apparent CL/F, V/F, and t, , values for the two doses were
similar and did not vary between single and multiple dosing
(Table 1). In addition, the pharmacokinetics of levofloxacin
were consistent at the two dose levels based on the mean ratio
of the 1-g to 750-mg disposition parameters (Table 2).

Elimination of levofloxacin by renal routes is summarized in

Table 1. Mean renal clearance values were found to be not
significantly different when day 1 and steady-state values at
either dose level were compared. Renal clearance accounted
for approximately 70 to 80% of apparent total plasma clear-
ance. Mean ratios of the 1-g to 750-mg renal elimination pa-
rameters were nearly identical following both single and mul-
tiple dosing (Table 2).

Safety. Of the 10 subjects receiving levofloxacin, 3 subjects
reported adverse events considered to be related to levofloxa-
cin after receiving the 750-mg dose and 4 subjects reported
drug-related adverse events following the 1-g dose. Most of the
adverse events were considered mild and were resolved spon-
taneously without therapeutic intervention or drug discontin-
uation. Of the six subjects in the placebo group, three reported
adverse events considered to be drug related. The most fre-
quently reported adverse events (regardless of relationship to
the study drug) were nausea (one event, 750-mg levofloxacin
dose; one event, placebo group; three events, 1-g levofloxacin
dose) and headache (two events, 750-mg levofloxacin dose; two
events, placebo group; one event, 1-g levofloxacin dose). The
overall distribution and frequencies of these and other adverse
events among the placebo-treated subjects and the levofloxa-
cin-treated subjects were comparable at both dose levels. No
clinically meaningful alterations in laboratory parameters, vital
signs, and repeat physical examination (including ophthalmo-
logic evaluation) results from baseline measurements were rec-
ognized for either treatment group over the course of the
study. No markedly abnormal laboratory values were noted. In
general, single- and multiple-dose administration of 750 mg
and 1 g of levofloxacin to healthy subjects was found to be safe
and well tolerated.

One placebo-treated subject, a 45-year-old Caucasian male
without significant medical history, was prematurely discontin-
ued from the study due to an adverse event.

DISCUSSION

This is the first study to report the safety and pharmacoki-
netic disposition of levofloxacin following multiple once-daily

TABLE 2. Ratios of the levofloxacin pharmacokinetic parameter estimates (1-g dose versus 750-mg dose)

Ratio of indicated parameter value for 1-g dose to value for 750-mg dose®

Dose
condition Crnax T e AUC CL/F VJF f Clpa Ae CLg
Single dose 1.25+021 095+040 135+=0.14 099 +0.10 1.06=*+0.11 1.02x0.06 202=*112 098=+0.12 097 +0.15
Steady state  1.40 =0.27 128=*+047 131*=0.16 1.03=x0.12 1.05=0.19 1.00=0.16 1.5+096 091 =£0.06 0.92 = 0.09

¢ For definitions of AUC, Cu,,,,, and Ae, see the footnotes to Table 1. Values are means * SD.



888 CHIEN ET AL.

750-mg and 1-g doses given to healthy male subjects. The
pharmacokinetics of oral levofloxacin at both dose levels, fol-
lowing single and multiple once-daily doses, were found to be
similar based on comparable values of apparent clearance and
volume of distribution, estimates of elimination half-life, and
levels of urinary excretion of unchanged drug. Expected dose-
related differences in mean steady-state C,,,, and AUC values
between the two dose levels were observed. The pharmacoki-
netics of levofloxacin following the 750-mg and 1-g doses were
also similar to those obtained in a previous study with 500-mg
levofloxacin doses (4), showing that levofloxacin exhibits linear
pharmacokinetics over this dose range (500 mg to 1 g).

This study also demonstrated that high doses of levofloxacin
are safe. The incidence of adverse events following multiple
750-mg and 1-g levofloxacin doses was nearly identical to that
reported during placebo administration. In addition, the ad-
verse events reported in this study, nausea and headache, have
been reported in clinical studies utilizing the 500-mg daily dose
of levofloxacin. Thus, there were no apparent dose-related
adverse effects seen in this study.

Although not noted in clinical trials with levofloxacin (500
mg once daily), visual disturbances, including blurred vision,
dimmed vision, disturbed vision, diplopia, change in color per-
ception, overbrightness of lights, flashing lights, decreased vi-
sual activity, photophobia, eye pain, visual loss, constriction of
visual fields, and cataracts, have resulted from trials of other
fluoroquinolones (6). Therefore, a thorough ophthalmologic
examination was performed for subjects treated with high
doses of levofloxacin. No evidence of treatment-emergent vi-
sual disturbances were found.

In conclusion, since fluoroquinolones are concentration de-
pendent in their kill rates, it is expected that administration of
levofloxacin once daily would result in better efficacy than
administering the same total daily dose in a divided fashion.
The safety and pharmacokinetic findings of this study support
further clinical evaluation of these high once-daily doses of
levofloxacin for difficult-to-treat infections.
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